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ANNULAR REGION EVALUATION IN 

SEQUESTRATION WELLS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This patent speci?cation relates to testing in sequestration 

Wells. More particularly, this patent speci?cation relates to 
systems and methods for vertical isolation testing of the annu 
lar region betWeen the casing and formation in sequestration 
Wells. 

2. Background of the Invention 
Sequestration otherWise knoWn as geo-sequestration or 

geological storage, involves injecting a material, such as car 
bon dioxide, directly into underground geological forma 
tions. Declining oil ?elds, saline aquifers, and unminable coal 
seams are included in potential storage sites. CO2 has been 
injected into declining oil ?elds for more than 30 years to 
increase oil recovery. This option is attractive because the 
storage costs are offset by the sale of additional oil that is 
recovered. Further bene?ts are the existing infrastructure and 
the geophysical and geological information about the oil ?eld 
that is available from the oil exploration. Oil ?elds have a 
geological barrier preventing upWard migration of oil. It is 
believed that many such geological barriers are also su?icient 
as a long-term barrier to contain the injected CO2. 
A signi?cant challenge With CO2 sequestration is the pre 

vention of leakage. To prevent leakage at the injection Wells 
or other Wells Where potential leakage can occur such as 
current or disused production Wells and/or monitoring Wells, 
isolating cement is provided in the annularregionbetWeen the 
Well casing and the subterranean formations. Monitoring the 
isolating cement in the annular region helps to ensure that 
quality isolation is maintained over time. Techniques are 
knoWn for evaluating isolating cement in conventional oil 
Wells, such as cement bond logging, Which measures the bond 
betWeen the casing and cement, makes measurements using 
acoustic, sonic, and ultrasonic tools. HoWever, there is a fun 
damental time-scale difference betWeen the productive 
lifespan of a conventional oil Well Which can be a number or 
perhaps doZens of years, and the lifespan of a sequestration 
Well Which can be longer, possibly hundreds of years. Due to 
this difference in time scales, the cement evaluation tech 
niques knoWn for conventional oil Wells may not be suf?cient 
for monitoring cement quality over time for sequestration 
Wells. Additionally, When CO2 is placed in subterranean for 
mations it tends to dissolve or disassociate to form carbonic 
acid. The carbonic acid is potentially detrimental to the iso 
lating cement in the annular region. Therefore, additional 
methods and tools for evaluating the isolation quality of the 
annular region in cased sequestration Wells are needed. 

SUMMARY OF THE INVENTION 

According to embodiments, a system for making measure 
ments at multiple locations in an annular region of a cased 
sequestration Well is provided. A ?rst tool module is position 
able Within the Well and adapted to directly or indirectly 
measure changing pressure at a ?rst location in the annular 
region of the Well. The annular region is de?ned by an outer 
surface of the Well casing and one or more subterranean 
formations Within Which the Well is positioned. A pressure 
altering system is arranged and positionable to induce a pres 
sure change at the ?rst location in the annular region. A 
second tool module is positionable Within the Well and 
adapted to directly or indirectly measure changing pres sure at 
a second location in the annular region. The pressure changes 

10 

20 

25 

30 

35 

40 

50 

55 

65 

2 
at the second location are at least partly in response to the 
induced pressure change at the ?rst location. 

According to further embodiments a method for making 
measurements at multiple locations in an annular region of a 
cased sequestration Well is provided. The method includes 
measuring directly or indirectly pressure at a ?rst location 
Within the annular region of the Well. A pressure change is 
induced at the ?rst location in the annular region. Pressure at 
a second location in the annular region is measured directly or 
indirectly. The pressure changes at the second location are at 
least partly in response to the induced pressure change at the 
?rst location. 
As used herein the terms “sequestration Well” and “seques 

tration Wells” refers broadly to any Wellbore or borehole used 
in connection With a sequestration or geological storage 
operation. This includes injection Wells, other Wells such as 
Wells used for monitoring parameters related to the seques 
tration, Wells used for injection or removal or formation ?uids 
in relation to sequestration, and other Wells that could poten 
tially alloW leakage of the sequestered matter such as current 
or disused production Wells. 

Further features and advantages of the invention Will 
become more readily apparent from the folloWing detailed 
description When taken in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is further described in the detailed 
description Which folloWs, in reference to the noted plurality 
of draWings by Way of non-limiting examples of exemplary 
embodiments of the present invention, in Which like reference 
numerals represent similar parts throughout the several vieWs 
of the draWings, and Wherein: 

FIGS. 1a and 1b shoW a measurement system for facilitat 
ing the evaluation of an annular region of a sequestration Well, 
according to embodiments; 

FIG. 2 shoWs further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region betWeen the casing and formation, according to 
embodiments; 

FIG. 3 shoWs further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region betWeen the casing and formation, according to further 
embodiments; 

FIG. 4 shoWs further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region betWeen the casing and formation, according to further 
embodiments; 

FIG. 5 is a ?owchart shoWing steps involved in making 
measurements to facilitate evaluation of the annular region 
for sequestration Wells, according to embodiments; and 

FIG. 6 is graph shoWing an example of pres sure versus time 
data collected during an annular region test, according to 
embodiments. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing detailed description of the preferred 
embodiments, reference is made to accompanying draWings, 
Which form a part hereof, and Within Which are shoWn by Way 
of illustration speci?c embodiments by Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the invention. 
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The particulars shown herein are by way of example and 
for purposes of illustrative discussion of the embodiments of 
the present invention only and are presented in the cause of 
providing what is believed to be the most useful and readily 
understood description of the principles and conceptual 
aspects of the present invention. In this regard, no attempt is 
made to show structural details of the present invention in 
more detail than is necessary for the fundamental understand 
ing of the present invention, the description taken with the 
drawings making apparent to those skilled in the art how the 
several forms of the present invention may be embodied in 
practice. Further, like reference numbers and designations in 
the various drawings indicated like elements. 

In wells used in connection with the sequestration of matter 
such as CO2, an important factor in preventing leaks is the 
quality of the isolating cement in the annular region between 
the well casing and the formation. An important step in evalu 
ating the quality of the isolating cement is a measurement of 
the permeability of the annular region. Additionally, it is 
particularly useful to measure the average permeability of the 
annular region, since ?ow paths due to contaminants and/or 
other defects in the cement will tend to dominate the perme 
ability measurement. 

FIGS. 1a and 1b show a measurement system for facilitat 
ing the evaluation of an annular region of a sequestration well, 
according to embodiments. In FIG. 1a, wireline truck 102 is 
used to deploy wireline tool 120 in sequestration well 110 via 
wellhead 106. Tool 120 is suspended from wireline 104 which 
provides control and communication of data between tool 
120 and truck 102. Sequestration well 110 includes casing 
118 and is positioned within subterranean formation 112. An 
annular region 116 is de?ned by the outside surface of casing 
118 and surface 114 of formation 112. Annular region 116 is 
?lled primarily with an isolating cement, but also may include 
defects such as impurities, cracks and other pathways that 
may have a signi?cant impact on the average permeability the 
annular region. FIG. 1b is a cross-section view across line 
A-A' of FIG. 1a. Tool 120 is shown within casing 118. The 
annular region 116 is shown de?ned by the outside surface of 
casing 118 and surface 114 of formation 112. Although tool 
120 is shown deployed on a wireline in FIG. 1a, the tool could 
also be deployed using other known technologies such as 
coiled tubing or drill pipe. 

According to embodiments, various tool con?gurations 
can be used in tool 120 to establish ?ow and/or measure 
pressure differences between two or more sets of perforations 
in cased wells. The data collected from the measurements of 
tool 120 are used to establish if the cement in annular region 
116 and interfaces between the cement and casing 118 and 
cement and formation 112 are su?iciently capable of isolation 
for use in connection with sequestration activity. For 
example, in the sequestration of CO2, the cement will be 
exposed to CO2 and/or carbonic acid. The data from tool 120 
can also be used to calculate the bulk mobility orpermeability 
of the material and pathways between the casing and the 
formation. 
By perforating or otherwise creating a hydraulic connec 

tion to the annular region 116 behind the casing 118 and using 
tools such as described herein, one can measure the response 
to pressure changes between Zones of the well. As described 
in further detail herein, one or more sections of the well are 
separated from the rest of the well by sealing against the 
casing wall so that responses to pressure changes between 
different Zones can be measured. 

FIG. 2 shows further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region between the casing and formation, according to 
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4 
embodiments. Tool 220 is shown deployed within a seques 
tration well 210 having casing 218 positioned in subterranean 
formation 212. An annular region 216 is de?ned by the outer 
surface of casing 218 and formation surface 214. As 
described above, annular region 21 6 is ?lled primarily with an 
isolating cement, but also may include defects such as impu 
rities, cracks and other pathways that may have a signi?cant 
impact on the average permeability the annular region. Prior 
to deployment of tool 220, two set of perforations were 
formed in casing 218. One set includes perforations 222 and 
224, and another set includes perforations 226 and 228. Note 
that in selecting a location for the perforations, a location 
should be selected such that the formation permeability is less 
than the bulk permeability of the annular region between the 
casing and formation. 

Tool 220 includes a pressure measurement module 232, a 
pumping module 234 and a dual packer module 236. Accord 
ing to embodiments, pressure measurement module 232 is a 
wireline based downhole sampling tool such as the Modular 
Formation Dynamics Tester (MDT) tool from Schlumberger 
Limited. In particular, according to embodiments, the follow 
ing MDT modules can be used: the single-probe module for 
measurement module 232; the pump -out module for pumping 
module 234; and the dual-packer module for module 236. The 
tool is positioned as shown in FIG. 2 with the upper in?atable 
packer 242 located above perforations 226 and 228, and lower 
in?atable packer 246 below those perforations. Thus, after 
in?ation and proper setting of the packers, pressure sensor 
240 is able to measure the pressure in the packed off region 
254. The pressure in the packed off region 254 is approxi 
mately equal to but could be higher or lower than, the pres sure 
in a Zone 252 of annular region 216 in the vicinity of perfo 
rations 226 and 228. 

According to embodiments, after the packers on module 
236 are set, the pressure in well 210 is externally increased by 
pumping at the wellhead (not shown). The increase in pres 
sure in region 256 will cause ?uid to ?ow, and an associated 
pressure gradient, in directions as shown by the dashed 
arrows in FIG. 2. The pressure changes in region 256 of well 
210 are measured by pressure sensor 252 in module 232. The 
pressure measured in region 256 will be approximately equal 
to the pressure in Zone 250 of annular region 216 which is in 
the vicinity of perforations 222 and 224. Thus using modules 
232 and 236, both the increased pressure at annular Zone 250 
and the response from the pressure increase at annular Zone 
252 can be measured. Note that in the case of external pres 
suriZation of the entire well, it is preferable that any other 
Zones with perforations, such as the production Zone of an 
hydrocarbon well, should be plugged. If such other perfora 
tions are not plugged, it is possible that the external pressure 
supplied to the well will be lost to the formation in the pro 
duction Zone instead of causing a pressure gradient between 
the annular Zones 250 and 252 as intended. 

According to alternate embodiments, a pressure differen 
tial can be created using pumping module 234. For example, 
pumping module 234 can pump ?uid from the packed off 
region 254 via module 236 and into region 256 via module 
232. Thus a pressure differential will be effected between 
annular Zones 250 and 252. Note that such a pressure differ 
ential can also be reversed by pumping with module 234 in the 
opposite direction, causing ?ow and pressure drops in a direc 
tion opposite to shown by the dashed arrows in FIG. 2. 

According to alternate embodiments, the packer in?ation 
pressure can also be measured. The pressure measured in the 
packers can be used to estimate how much any pathways in 
the annular regions between the Zones are being compressed. 
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The measured packer pressure can also be used to detect 
Whether or not one or more an annular pathways exist. 

Although not shoWn in FIG. 2, other modules are also 
included in tool 220.According to embodiments tool 220 also 
includes: a hydraulic poWer module containing an electric 
motor and hydraulic pump to provide hydraulic poWer; an 
electronic poWer module to convert AC poWer from the sur 
face to provide DC poWer for all module of tool 220; a 
telemetry module for communication betWeen the tool 220 
and the surface; a scintillation gamma-ray tool module, and a 
logging equipment head. Examples of a ?uid sampling sys 
tems having pressure measurement and pumping capabilities 
as Well as packers are depicted and described in Us. Pat. Nos. 
4,936,139 and 4,860,581, Which are incorporated by refer 
ence herein. 

Thus the tool 220 Works to measure pressure at tWo annular 
Zones 250 and 252 behind the casing 218. The data from the 
measurements can be used to calculate the average perme 
ability, average mobility, and/ or isolation parameters of annu 
lar region 216. Note that although tWo perforations are shoWn 
near each annular Zone 250 and 252, other numbers of perfo 
rations could be used including a single perforation for each 
annular Zone. 

According to embodiments a perforation gun is used to 
make the perforations 222, 224, 226 and 228. According to 
alternate embodiments, a tool such as the Cased Hole Dynam 
ics Tester (CHDT) from Schlumberger Limited could be used 
for making the perforations in the casing using the CHDT’s 
casing drilling technology. The CHDT tool could also be used 
to reseal the perforations folloWing the measurement opera 
tion. 
As mentioned, to improve the accuracy of the measure 

ments, any other Zones in the Well that have hydraulic com 
munication behind the casing should be isolated, or otherWise 
dealt With. In particular, if there are other places Where there 
is communication it may be necessary to plug or remediate 
that portion of the Well (for example, by plugging production 
perforations as described). 

Note that it in the case that a probe-type module, such as a 
single probe module, is used for measurement module 232, 
the probe should not be extend to contact the casing because 
that Would not give a representative pressure measurement for 
region 256 and the rest of the entire Well. Note although the 
loWer perforations 226 and 228 are shoWn straddled by the 
dual packer module 236, the upper perforations 222 and 224 
could be straddled instead by the packers instead. This is 
because a pressure equalization line 248 in the dual packer 
module 236 Will alloW the pressure above the packers to 
equalize With the pressure in the region 258 beloW the pack 
ers. 

FIG. 3 shoWs further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region betWeen the casing and formation, according to further 
embodiments. Tool 320 is shoWn deployed Within a seques 
tration Well 310 having casing 318 positioned in subterranean 
formation 312. An annular region 316 is de?ned by the outer 
surface of casing 318 and formation surface 314. Prior to 
deployment of tool 320, tWo sets of perforations are formed in 
casing 318. One set includes perforations 322, 323 and 324, 
and another set includes perforations 326, 327 and 328. 

Tool 320 includes: a telemetry module 330 for transmitting 
data and control signals betWeen the surface based data acqui 
sition and processing system 302 via Wireline 304; electronic 
poWer module 334 Which converts AC electrical poWer from 
Wireline 304 to DC poWer for all the modules of tool 320; 
pump out module 335 having a bidirectional pump for mov 
ing ?uid betWeen modules, into and out of the formation via 
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6 
the perforations, and into and out of a ?oWline to in?ate and 
de?ate the packers; tWo dual packer modules 332 and 336; 
and electronics 338. According to embodiments, tool 320 
uses modules of a Wireline based doWnhole sampling tool 
such as the Modular Formation Dynamics Tester (MDT) tool 
from Schlumberger Limited. 
The tool 320 is positioned as shoWn in FIG. 3 With the set 

of packers from the upper dual packer module 332 straddling 
the ?rst set of perforations 322, 323 and 324; and the loWer 
dual packer module 336 straddling the second set of perfora 
tions 326, 327 and 328. When the packers are in?ated and 
properly set, the upper dual packer module 332 can pump 
?uid into and out ofupperpacked off region 356 via sampling 
port 352 and also measure pressure using the module’s inter 
nal pressure sensor 382. Due to the upper set of perforations, 
the pressure measured by module 332 Will re?ect the pres sure 
in Zone 350 of annular region 316 that is in the vicinity of the 
upper set of perforations. Similarly, When the loWer dual 
packer module 336 can pump ?uid into and out of loWer 
packed off region 354 via sampling port 340 and also measure 
pressure using the module’ s internal pressure sensor 384. Due 
to the loWer set of perforations, the pressure measured by 
module 336 Will re?ect the pressure in Zone 352 of annular 
region 316 that is in the vicinity of the loWer set of perfora 
tions. According to embodiments, pressure in the form of 
injected ?uid is supplied by the upper dual packer module 
332. Fluid Will be forced as shoWn by the dashed arroWs 
outWard from the upper set of perforations, into Zone 350 and 
inWard through the loWer set of perforations from Zone 352. 
The response to the pressure increase is measured in the other 
pressure sensor Within loWer dual packer module 336. 

Like the tool arrangement shoWn in FIG. 2, the tool 
arrangement shoWn in FIG. 3 also measures pressure at tWo 
Zones 350 and 352 behind the casing. The data from the 
measurements is passed via communication and control line 
370 and Wireline 304 to the surface Where the data canbe used 
to calculate parameters relating to permeability, mobility and/ 
or isolation of annular region 316. Because each of the tested 
regions 354 and 356 are isolated from the rest of Well 310 
using dual packers, other perforations such as perforations in 
a production Zone do not need to be plugged to make a 
measurement, so long as those perforations are not betWeen 
the tWo testing Zones 350 and 352. 

Note that a location for the test should be selected Where 
the casing 318 has good integrity and the permeability of the 
formation 3 12 is less then the bulk permeability of the annular 
region 316. 

FIG. 4 shoWs further details of a tool con?guration for 
making measurements to facilitate evaluation of the annular 
region betWeen the casing and formation, according to further 
embodiments. Tool 420 is shoWn deployed Within a seques 
tration Well 410 having casing 418 positioned in subterranean 
formation 412. An annular region 416 is de?ned by the outer 
surface of casing 418 and formation surface 414. Prior to 
deployment of tool 420, three sets of perforations are formed 
in casing 418. One set includes perforations 422, and 424, a 
second set includes perforations 423 and 426, and a third set 
includes perforations 427 and 428. 

Tool 420 includes: a telemetry module 434 for transmitting 
data and control signals betWeen the surface based data acqui 
sition and processing system 402 via Wireline 404; electronic 
poWer module (not shoWn) Which converts AC electrical 
poWer from Wireline 404 to DC poWer for all the modules of 
tool 420; one or more pump out modules (not shoWn); and 
three dual packer modules 430, 432 and 436. According to 
embodiments, tool 420 uses modules of a Wireline based 
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doWnhole sampling tool such as the Modular Formation 
Dynamics Tester (MDT) tool from Schlumberger Limited. 

The tool 420 is positioned as shoWn in FIG. 4 With the set 
of packers from the upper dual packer module 430 straddling 
the ?rst set of perforations 422 and 424; dual packer module 
432 straddling the second set of perforations 426 and 423, and 
the loWer dual packer module 436 straddling the third set of 
perforations 427 and 428. When the packers are in?ated and 
properly set, the middle dual packer module 432 can pump 
?uid into and out of packed off region 456 via sampling port 
453 and also measure pressure using the module’s internal 
pressure sensor 484. Due to the set of perforations 426 and 
423, the pressure measured by module 432 Will re?ect the 
pressure in Zone 450 of annular region 416 that is in the 
vicinity of those perforations. Similarly, the other tWo dual 
packer modules 430 and 436 can pump ?uid into and out of 
packed off regions 458 and 454 respectively, via sampling 
ports 431 and 440 respectively, and also measure pressure 
using internal pressure sensors 482 and 486 respectively. Due 
to the respective sets of perforations, the pressure measured 
by module 430 Will re?ect the pressure in Zone 451 of annular 
region 416, and the pressure measured by module 436 Will 
re?ect the pressure in Zone 452 of annular region 416. 

According to embodiments, pressure in the form of 
injected ?uid is supplied by the upper dual packer module 
432. Fluid Will be forced as shoWn by the dashed arroWs 
outWard from the middle set of perforations, into Zone 450 
and inWard through the upper and loWer sets of perforations 
from Zones 451 and 452. The response to the pressure 
increase induced by module 432 is measured in the pressure 
sensors of modules 430 and 436. 
By establishing and testing a pressure gradient in both 

directions in response to the pressure change in Zone 450, a 
better estimate of the permeability of the Well can be obtained 
in some applications. The arrangement using three Zones as 
shoWn in FIG. 4 can be particularly useful in cases Where the 
permeability is believed to be different above and beloW the 
tWo Zones. 

The data from the measurements are passed via communi 
cation and control line 470 and Wireline 404 to the surface 
Where the data can be used to calculate parameters relating to 
permeability, mobility and/ or isolation of annular region 416. 
Because each of the tested regions 454, 456 and 458 are 
isolated from the rest of Well 410 using dual packers, other 
perforations such as perforations in a production Zone do not 
need to be plugged to make a measurement, so long as those 
perforations are not betWeen the tWo testing Zones 450, 451 
and 452. 

FIG. 5 is a ?oWchart shoWing steps involved in making 
measurements to facilitate evaluation of the annular region 
for sequestration Wells, according to embodiments. In step 
510, a suitable location for the annular region test is selected. 
As mentioned the location of the test should be selected Where 
the casing has good integrity and the permeability of the 
surrounding formation is less then the bulk permeability of 
the annular region. In step 512, ?uid communication is estab 
lished through the casing. A perforation gun can be used to 
make the perforations through the casing. Alternatively, a tool 
such as the Cased Hole Dynamics Tester (CHDT) from 
Schlumberger Limited or another drilling or milling tool can 
be used for making the perforations in the casing using the 
CHDT’s casing drilling technology. The CHDT tool could 
also be used to reseal the perforations folloWing the measure 
ment operation. In step 514, the measurement tool is posi 
tioned With respect to the perforations. In general, the tool 
should be positioned such that the pressure measurements can 
be obtained after one or more of the regions are isolated. In the 
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8 
case Where one or more dual packer modules are used, the tool 
should be positioned such that the dual packers of each mod 
ule straddles a set of perforations. 

In step 516, one or more regions of the Wellbore are iso 
lated. Each isolated region should be in ?uid communication 
With a corresponding annular Zone involved in the test. Note 
that isolation may also involve plugging or isolating other 
regions that are not intended to be involved in the test. For 
example, production perforations may need to be plugged. In 
the case Where packers are used for Zonal isolation, the pack 
ers should be in?ated or otherWise extended. Upon successful 
setting of the packers, tWo or more regions of the Wellbore 
Will be isolated form each other, With each region having ?uid 
communication to different locations in the annular region. 

In step 518, a pressure change in one or more annular Zones 
is induced. The pressure change can be induced by pumping 
?uid into one or more regions of the Wellbore that are in ?uid 
communication With the annular region Zones involved in the 
test. In step 520, changes in pressure are detected in one or 
more of the isolated regions, the detected changes being in 
response to the induced pressure change on one or more of the 
other annular Zones. The ?uid pumping or other means of 
pressure change can be supplied by the tool itself, for example 
by pumping ?uid from one region to another region using a 
pump out module. The pressure can alternatively be altered 
from the surface, for example, by pumping ?uid into or out of 
the entire Wellbore, Which is in ?uid communication With one 
of the annular Zones through perforations. In step 520, the 
changes in pressure may be detected, for example, by mea 
suring pressure in one or more of the Wellbore regions that is 
in direct ?uid communication With the annular Zones. Alter 
natively, the pressure change can be detected indirectly, such 
as by measuring other parameters such as ?uid ?oW Which 
re?ects a pressure change. 

In step 522, the measured data is recorded and/ or transmit 
ted to the surface for further analysis. Known techniques can 
be used to analyZe the data to estimate therefrom various 
permeability parameters. For example, see, “Determining 
effective Wellbore permeability from a ?eld pressure test: a 
numerical analysis of detection limits” S. E. Gasda, J. M. 
Nordbotten, and M. A. Celia, Environ. Geol., DOI 10.1007/ 
s00254-007-0903 -7 (2007), incorporated herein by refer 
ence. 

FIG. 6 is graph shoWing an example of pres sure versus time 
data collected during an annular region test, according to 
embodiments. The test Was performed With a tool arrange 
ment and positioning With respect to tWo sets of perforations 
similar to that shoWn in FIG. 2. In particular, the tool being 
used had a dual packer module straddling one set of perfora 
tions, and a single probe module in the vicinity of another set 
of perforations. Curve 612 shoWs the pressure measurements 
made by the single probe module, and curve 610 shoWs the 
pressure measurements made by the dual packer module. 
Curve 614 shoWs the packer in?ation pressure of the dual 
packer module. In regions 634 and 622, the packers are ini 
tially in?ated. In region 624, the Well is being pressured up. In 
this example, the Well pressure Was increased by pumping 
?uid at the Wellhead on the surface. In region 626 the packers 
Were believed to be leaking. In regions 628 and 636, Well 
pressuring Was ceased and the packers Were re-in?ated. In 
region 630, the Well Was again pressured up. In region 632, 
the Well pressuring Was again ceased, the packer in?ation 
pressure remained constant in region 638, and the data from 
curve 61 0 re?ects the detected change in pressure over time of 
the packed off region. 

Whereas many alterations and modi?cations of the present 
invention Will no doubt become apparent to a person of ordi 
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nary skill in the art after having read the foregoing descrip 
tion, it is to be understood that the particular embodiments 
shoWn and described by Way of illustration are in no Way 
intended to be considered limiting. Further, the invention has 
been described With reference to particular preferred embodi 
ments, but variations Within the spirit and scope of the inven 
tion Will occur to those skilled in the art. It is noted that the 
foregoing examples have been provided merely for the pur 
pose of explanation and are in no Way to be construed as 
limiting of the present invention. While the present invention 
has been described With reference to exemplary embodi 
ments, it is understood that the Words, Which have been used 
herein, are Words of description and illustration, rather than 
Words of limitation. Changes may be made, Within the pur 
vieW of the appended claims, as presently stated and as 
amended, Without departing from the scope and spirit of the 
present invention in its aspects. Although the present inven 
tion has been described herein With reference to particular 
means, materials and embodiments, the present invention is 
not intended to be limited to the particulars disclosed herein; 
rather, the present invention extends to all functionally 
equivalent structures, methods and uses, such as are Within 
the scope of the appended claims. 

What is claimed is: 
1.A system for making measurements at multiple locations 

in an annular region of a cased sequestration Well comprising: 
a ?rst tool module positionable Within the Well and adapted 

to directly or indirectly measure changing pressure at a 
?rst location in the annular region of the Well; the annu 
lar region being de?ned by an outer surface of the Well 
casing and one or more subterranean formations Within 
Which the Well is positioned; 

a pressure altering system arranged and positionable to 
induce a pressure change at the ?rst location in the 
annular region; and 

a second tool module positionable Within the Well and 
adapted to directly or indirectly measure changing pres 
sure at a second location in the annular region, Wherein 
the pressure changes at the second location are at least 
partly in response to the induced pressure change at the 
?rst location. 

2. A system according to claim 1 further comprising a third 
tool module positionable Within the Well and adapted to 
directly or indirectly measure changing pressure at a third 
location in the annular region, Wherein the pressure changes 
at the third location are at least partly in response to the 
induced pressure change at the ?rst location. 

3. A system according to claim 1 Wherein the ?rst tool 
module measures pressure directly using a pressure sensor. 

4. A system according to claim 1 Wherein the second tool 
module measures pressure directly using a pressure sensor. 

5. A system according to claim 1 Wherein the second tool 
module measures pressure indirectly by measuring ?uid ?oW. 

6. A system according to claim 1 Wherein the ?rst and 
second locations are selected such that permeability of the 
one or more formations surrounding the annular region are 
believed to be substantially loWer than permeability of the 
annular region betWeen the ?rst and second locations. 

7. A system according to claim 1 Wherein the ?rst location 
is in ?uid communication With a ?rst interior region of the 
Well via one or more openings in the casing adjacent the ?rst 
location. 

8. A system according to claim 7 Wherein the one or more 
openings are perforations. 

9. A system according to claim 8 Wherein the perforations 
are opened by drilling. 
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10 
10. A system according to claim 8 Wherein the perforations 

are opened using a perforation gun tool. 
11. A system according to claim 8 Wherein the perforations 

are opened by milling. 
12. A system according to claim 8 Wherein the second 

location is in ?uid communication With a second interior 
region of the Well via one or more perforations in the casing 
adjacent the second location. 

13. A system according to claim 12 Wherein the ?rst inte 
rior region and the second interior region are isolated Within 
the Well from one another. 

14.A system according to claim 13 Wherein the second tool 
module includes tWo extendable packers arranged and posi 
tioned to isolate the second interior region from the rest of the 
Well thereby forming a second isolated interior region in 
communication With the second location in the annular 
region. 

15. A system according to claim 14 Wherein the ?rst tool 
module includes tWo extendable packers arranged and posi 
tioned to isolate the ?rst interior region from the rest of the 
Well thereby forming a ?rst isolated interior region in com 
munication With the ?rst location in the annular region. 

16. A system according to claim 14 Wherein the tWo 
extendable packers are in?atable packers and the second tool 
module includes one or more pressure sensors adapted and 
positioned to measure in?ation pressure of the packers. 

17. A system according to claim 1 Wherein the pressure 
change at the ?rst location is induced by ?oWing ?uid into the 
?rst location. 

18. A system according to claim 17 Wherein the ?uid is 
?oWed by pumping ?uid into the Well at the surface. 

19. A system according to claim 17 Wherein the ?uid is 
?oWed by pumping ?uid into the Well With a pumping module 
positionable in the vicinity of the ?rst location. 

20. A method for making measurements at multiple loca 
tions in an annular region of a cased sequestration Well com 
prising: 

measuring directly or indirectly pressure at a ?rst location 
Within the annular region of the Well, the annular region 
being de?ned by an outer surface of the Well casing and 
one or more subterranean formations Within Which Well 
is positioned; 

inducing a pressure change at the ?rst location in the annu 
lar region; and 

measuring directly or indirectly pressure at a second loca 
tion in the annular region; Wherein the pressure changes 
at the second location are at least partly in response to the 
induced pressure change at the ?rst location. 

21. A method according to claim 20 further comprising 
sealing one or more openings in the casing that are not adja 
cent either the ?rst location or the second location. 

22. A method according to claim 20 further comprising 
measuring directly or indirectly changing pressure at a third 
location in the annular region, Wherein the pressure changes 
at the third location are at least partly in response to the 
induced pressure change at the ?rst location. 

23. A method according to claim 20 Wherein pressures at 
the ?rst and second locations are measured directly using 
pressure sensors. 

24. A method according to claim 20 Wherein pres sure at the 
second location is measured indirectly by measuring ?uid 
?oW. 

25. A method according to claim 20 Wherein the ?rst and 
second locations are selected such that permeability of the 
one or more formations surrounding the annular region are 
believed to be substantially loWer than permeability of the 
annular region betWeen the ?rst and second locations. 
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26. A method according to claim 20 further comprising 
perforating the casing adjacent the ?rst location With one or 
more perforations to create a ?rst interior region in ?uid 
communication With the ?rst location. 

27. A method according to claim 26 further comprising 
perforating the casing adjacent the second location With one 
or more perforations to create a second interior region in ?uid 
communication With the second location. 

28. A method according to claim 27 Wherein the perforat 
ing is performed by drilling. 

29. A method according to claim 27 Wherein the perforat 
ing is performed by a perforation gun tool. 

30. A method according to claim 27 Wherein the perforat 
ing is performed by milling. 

31. A method according to claim 27 further comprising 
sealing perforations in the casing folloWing the measure 
ments. 

32. A method according to claim 27 further comprising 
isolating Within the Well the ?rst interior region from the 
second interior region. 

33. A method according to claim 32 Wherein the isolating 
includes extending tWo packers arranged and positioned to 
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isolate the second interior region from the rest of the Well 
thereby forming a second isolated interior region in commu 
nication With the second location in the annular region. 

34. A method according to claim 33 Wherein the isolating 
further includes extending tWo packers arranged and posi 
tioned to isolate the ?rst interior region from the rest of the 
Well thereby forming a ?rst isolated interior region in com 
munication With the ?rst location in the annular region. 

35. A method according to claim 33 Wherein the tWo pack 
ers are in?atable packers and the method further comprising 
measuring in?ation pressure of one or both of the packers. 

36. A method according to claim 20 Wherein the inducing 
a pressure change at the ?rst location includes ?oWing ?uid 
into the ?rst location. 

37. A method according to claim 36 Wherein the ?oWing 
includes pumping ?uid into the Well at the surface. 

38. A method according to claim 36 Wherein the ?oWing 
includes pumping ?uid into the Well in the Vicinity of the ?rst 
location. 


